trated on the morphologic appearance of the larger ulcerative lesions. In one study, examination of 419 lesions in an unspecified number ofcarcasses indicated no predilection for specific feather tracts; only 17 of these lesions appeared to be in wing tracts. 13 The present study was performed to characterize the location and appearance of nodular and ulcerative lesions in a large number ofcarcasses. Lesions were also examined histologically, and the histologic appearance of small nodular lesions was characterized. Through a retrospective study, the prevalence of multiple lesions at slaughter was examined in relation to individual flock production parameters and specific disease condemnations to identify associated environmental factors or diseases.
Neoplasms of epithelial origin are rare among avian species.t' Lesions discovered at slaughter in the skin of broiler carcasses have been described as ulcerative,2,7,8,13 noduloulcerative, and nodular.' These lesions have been histologically diagnosed as squamous cell carcinomas. 2, 7, 13 Carcasses with multiple lesions are condemned for human consumption under the category "tumor," and multiple lesions constitute at least 80% of this category (K. Langheinrich, personal communication). A description ofthese lesions in live young meat-type chickens revealed that lesions were found only in the skin offeather tracts (pterylae).' These lesions appeared to originate from the feather follicle epithelium and healed spontaneously.' Forty lesions on eight meat-type chickens had healed, leaving a dermal scar. Based upon the site of origin, biological behavior, and intact tissue architecture, these lesions were characterized as avian keratoacanthomas.' Regression Partially processed, scalded, and defeathered carcasses of of some lesions appeared related to the feather follicle 42-to 48-day-old broiler chickens with intact viscera were cycle, with lesion regression timed with the emergence obtained from a poultry processingplant. Carcasses for study of surrounding new feathers.' (n = 308) were randomly selectedfrom carcassescondemned The etiology and pathogenesis of these lesions have for dermal squamous cell carcinoma. Carcasses and viscera not been determined. Previous studies have concen-were examined. Epidermal lesions were measured and re-265 corded as nodular or, on the basis of the presence or absence of an intact epidermis, as ulcerative. The locations of these lesions within feather tracts were mapped. The skin offeather tracts was palpated for the presence of small lesions. The sex of each carcass was determined by examination of reproductive organs. Visceral lesions and representative epidermal lesions from each carcass were fixed in 10% neutral buffered formalin. Fixed specimens were embedded in paraffin, sectioned at 3-4 JIm, stained with hematoxylin and eosin, and examined with a light microscope. The diameters of nodular and ulcerative lesions on each carcass were measured in millimeters. The distribution of carcass lesions within individual feather tracts (pterylae) for each carcass was determined. Feather tracts were identified as capital, cervical, caudal, humeral, interscapular, pectoral, sternal, dorsopelvic, abdominal, femoral, crural, and wing (alar) tracts.' The number oflesions observed in feather tracts was compared with the hypothesized number of lesions expected after equalizing the feather tracts for unit area. These feather tract areas were determined by using the measured areas of tracts from a 46-day-old broiler. The chi-square test of hypothesized proportions'? was used for comparison.
Histologic sections of lesions (n = 692) were evaluated for cellular and architectural morphology, invasion of subcutaneous tissues (654/692), and infiltration of underlying musculature (425/692). Sections of visceral lesions were examined for evidence of metastasis.
The tumor prevalence in individual flocks at slaughter was examined in relation to selected flock production parameters and condemnations for disease conditions by a stepwise backward elimination multiple regression.v" utilizing computerized records obtained from a private poultry company. Flocks (n = 665) were selected at random from those slaughtered over an 18-month period. The independent variables included the following groups of dummy variables: type of production house (n = 2), type of waterer (n = 5), and month ofyear slaughtered (n = II) representing three types ofhouses (dark, curtain, and mixed), six types of waterers, and the 12 months of the calendar year. Dummy variables representing months of the year were compared with slaughter in April as a reference month. Sets of dummy variables entered and left the model as a unit. Other independent variables were density of birds in production houses, pounds of bird produced per square foot of production house, age of birds at slaughter, and flock losses under the airsacculitis and leukosis condemnation categories at slaughter. The significance level needed for independent variables to stay in the model was 0.01.
Flock losses under the tumor category of slaughter condemnations (primarily nonlymphoid neoplasms) served as an index of squamous cell carcinoma prevalence. This category was the dependent variable.
Results

Gross lesions
Lesions were evaluated on 308 carcasses. Gross lesions (n = 2,004) included both ulcerative (n = 1,707) and nodular (n = 297) lesions ( Table 1 ). The mean number ofulcerative lesions per carcass (5.5) was greater than the mean number ofnodular lesions per carcass (1.0). The average size of ulcerative lesions (5.4 mm) was also greater than the average size ofnodular lesions (3.1 mm). Nodular lesions were centered on feather follicles ( Fig. 1 ) and were keratin-filled cysts (Fig. 2 ) connected to the surface by an intact follicular infundibulum. Nodules were often adjacent to ulcerative lesions. All lesions appeared to be located within feather tracts and were often grouped within these tracts ( Fig. 3 ). Large ulcerated areas appeared to be the result of the coalescence of smaller ulcers. Small ulcers were predominantly circular. Over 50% of all lesions were distributed in three feather tracts (dorsopelvic, pee- toral, and femoral). When the areas of these tracts were equalized, the dorsopelvic, pectoral, and femoral tracts remained overrepresented, but the smaller interscapular and humeral tracts were also overrepresented ( Table 2 ). Comparison of the number of observed lesions to the number of hypothesized lesions revealed significant differences (P < 0.000 1) in lesion distribution that were not due to differences in feather tract areas. Few lesions were evident in the dorsal and ventral wing tracts (1112,004), although these tracts make up a significant percentage oftotal feather tract area (22%). The male: female ratio of the carcasses examined was 1.5: 1.
Histologic examination
Microscopic examination of selected ulcerative lesions (n = 579) revealed thin branching cords and apparent isolated islands of atypical keratinocytes extending peripherally from a central cavity as previously described.s!' Marked peripheral fibroplasia and lymphocytic aggregates were often present. The process of defeathering and scalding had abraded the surface epithelium and produced artifacts; however, remaining surface epithelium surrounding or overlying lesions was acanthotic but not dysplastic. Protein coagulation due to tissue scalding was present in the superficial dermis. In well-preserved lesions, the central cavity was lined by epithelium and contained keratin and cell debris.
The smaller nodular lesions examined (n = 113) consisted of hyperplastic and cystic feather follicles filled with keratin. Epithelial cell cords and nests ( Fig. 4 ) extended from or were adjacent to cyst walls. Other small nodular lesions consisted ofa keratin-filled cystic dilatation of the feather follicle epithelium, with cords of epithelial cells extending into the surrounding dermis. Nodular lesions in various stages of progression were often observed in adjacent feather follicles. Surrounding feather follicles were often hyperkeratotic and dyskeratotic and surrounded by fibrosis.
Larger nodular lesions consisted of cystic cavities lined by hyperplastic epithelium (Fig. 5 ). These cysts contained masses of keratin, necrotic keratinocytes, bacteria, heterophils, and macrophages. Radiating thin cords of atypical keratinocytes with glassy cytoplasm extended from this epithelium ( Fig. 6 ) and were associated with fibroplasia. Broad bands and isolated islands of keratinocytes in the dermis were often sur- rounded by heterophils. Invading keratinocytes, associated with a band offibroplasia, commonly replaced feather muscle. These keratinocytes dissected the elastic lamina and extended into the subcutis in 134/654 lesions (20.5%). Invasion of the underlying musculature was not observed, but atypical keratinocytes were observed adjacent to muscle in two lesions. Mixed inflammatory infiltrates were commonly observed in underlying musculature. Some cutaneous lesions consisted only of small surface remnants of neoplastic epithelial cells surrounded by extensive fibroplasia or dermal scars associated with lymphocytic infiltrates (Fig. 7) . Examination of 115 suspicious visceral lesions revealed no evidence of metastasis.
Correlation of lesion prevalence and production data
Selected production parameters and slaughter condemnations of 66 5 randomly selected individual flocks of 42-to 60-day-old broiler chickens were examined in relation to tumor prevalence. The resulting model included the set of dummy variables representing months and three other independent variables (Table  3 ). Variables with a significance level of 0.000 1 or less were considered the most significant. Increased flock age, condemnations for leukosis, and the months of June, July, and August were negatively correlated with tumor prevalence (P < 0.0001). Condemnations for airsacculitis were positively correlated (P < 0.0001). Increased bird density was not significantly correlated with tumor prevalence. The average of all tumor condemnations for this group was 0.0350%, and the average age at slaughter was 49 days. Condemnations for tumors decreased sharply at 48 days of age and remained low in flocks of older birds (Table 4 ).
Discussion
The small nodular lesions observed in these carcasses were morphologically similar to early nodular lesions previously described in live chickens as avian keratoacanthomas.' In those live chickens, many of the nodular lesions progressed to larger ulcerative lesions, shed the central keratinized cores, and regressed to dermal scars.' Ulcerative lesions and dermal scars, some of which contained remnants of atypical keratinocytes, were also observed in the carcasses in the present study. The small nodules consisted offollicular or perifollicular keratinized cysts lined by hyperplastic and dyskeratotic keratinocytes, which strongly suggests that the origin of this lesion is the feather follicle. In larger nodules, keratinocytes extended from or were adjacent to these cysts. In the carcasses, these large, nearly ulcerated nodular lesions often were disrupted by processing artifacts with excavation of the central keratin core, leaving a base of fibroplasia containing cords of keratinocytes. The morphologic findings of the ulcerative lesions in these carcasses were consistent with those of previously described ulcerative lesions that were named dermal squamous cell carcinoma. The variety of forms of the lesions observed in these carcasses may therefore represent different stages of progression and regression of this lesion. These various stages coexist in the same chicken, possibly having originated at various times in different feather follicles.
Neoplasms in avian species may arise from embryonic rests, may be induced by a virus or by intrinsic genetic or hormonal influences, or may be associated with extrinsic environmental factors.' Although squamous cell carcinomas were described in two young chickens experimentally infected with the MH2 and MC29 strains of avian oncomavirus, the lesions could not be reproduced in later studies.' In another experimental study, lesions of squamous cell carcinoma were experimentally induced in chickens latently infected with fowl pox following application of methylcholanthrene. Some of these lesions were metastatic.' Squamous cell carcinomatoid or keratoacanthoma-like lesions, which subsequently regressed, also have been produced in young chickens by the repeated application of methylcholanthrene.' Sporadic squamous cell carcinomas in aged chickens have been described, but only three tumors have been reported as metastatic.' Ultrastructural examinations oflesions from live birds' and from partially processed carcasses-revealed no evidence of viral particles.
Squamous cell carcinoma in mammals often is associated with proliferation ofthe surface keratinocytes following radiation (usually ultraviolet) or exposure to organic hydrocarbons and related compounds. II Other associated or etiologic factors include papilloma virus infection,"!' trauma,'? and chronic inflammation.'? These tumors are usually locally invasive and slow to metastasize. Most ofthese neoplasms occur in middleaged to aged animals. Squamous cell carcinoma is uncommon in young animals.'?
The 42-to 48-day-old birds, which became the carcasses for this study, were reared in curtain-sided or dark-out houses and were, therefore, exposed to minimal amounts of solar radiation. Dysplastic changes in the surface epidermis were not observed.
The appearance of lesions in different feather tracts may have been related to the maturation of feathers and their replacement during molting. The absence of a proportional number of lesions in the wing tracts may have been related to the early maturation of these feathers. Most of the feather tracts with a disproportionately large number oflesions were along the dorsal surface (horizontal portions) of the bird or on the portion of the breast where birds are in contact with the litter during rest. Litter dust settling on the birds might be a factor.
The follicular dyskeratosis and hyperkeratosis observed could be due to an inherited defect in the feather follicle epithelium, leading to dysplastic or overstimulated follicles. Alternatively, the hyperkeratosis could be induced by factors released by the neighboring neo-Vet Patho1 30: 3, 1993 plasm or be promoted by exposure to environmental carcinogens. The bacteria seen in both the keratin and cell debris of nodular and ulcerative lesions may play a role in the enlargement of these lesions and may stimulate some of the extensive surrounding inflammatory response.
The seasonal pattern shown by a decreased tumor prevalence in summer months could be a reflection of seasonal and environmental influences on feather follicle cycling; lesions were less prevalent in the summer possibly because of increased follicular activity and earlier regression. Changes in diet between summer and winter months may playa role; nutritional deficiencies in minerals, protein, or specific amino acids affect feathering.' Alternatively, in the summer, environmental conditions in production houses improve, dust in the houses is decreased, and general bird health improves. The correlation with airsacculitis could be due to common inciting environmental conditions or a common seasonal pattern. Although no specific cause for the lesion is known, the prevalence appears to be highly influenced by undetermined environmental factors.
The decrease in prevalence ofthis condition in flocks of older birds could indicate that regression of lesions occurs in older birds. Rapid healing of similar lesions has been reported in live young chickens.' The increased prevalence in flocks of younger birds may indicate that as increased growth rates are obtained and flocks are slaughtered at an earlier age, the prevalence of this condition may increase.
This lesion in young chickens begins as a cystic proliferation of hyperplastic feather follicle epithelium. Surrounding feather follicles are often hyperplastic and hyperkeratotic. Nodules contain a central cyst filled with keratin and lined by epithelium. Large nodules appear to progress into ulcers with alteration by processing artifact resulting in excavation of the central keratin core. Dermal cords and islands ofkeratinocytes accompanied by an intense inflammatory reaction are present in both nodular and ulcerative lesions, and lesions are often grouped within feather tracts.
Despite the histologic appearance ofmalignancy suggested by dermal cords of epithelial cells, these lesions regressed in a small group of live birds.' In the present study, the decrease in prevalence in flocks of older broilers suggests that regression of these lesions may occur in a large number of birds. The name keratoacanthoma has been suggested to describe the naturally occurring lesion in chicken carcasses" and for a similar experimentally induced lesion in young chickens." The multicentric origin ofthis lesion in feather follicles, the early cystic appearance, and the distinctive lesion architecture demonstrate that this is a unique lesion that should be appropriately termed to indicate cell of origin, histologic appearance, and biologic behavior. Therefore, we have suggested "avian keratoacanthoma" as a more appropriate term than dermal squamous cell carcinoma for this lesion in young chickens.
